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Abstract 
Under the circumstances of uncertain fluctuation of market demand, the degree of matching between production 
capacity and customers demand can affect the cost, the efficiency and the profits of an enterprise. Choosing the 
appropriate production capacity level is an important task for decision makers. The paper analyzes the characters of 
the short-term demand variation, the matching between the capacity and the demand, and its influence on the 
enterprise. Supposing the short-term demand varies seasonally, and the objective is minimum the loss of mismatch 
between the production capacity and market demand.Then,short-term production capacity decision model has been 
developed.Based on the model, this paper has probed into the mismatching loss of three strategies: fixed capacity 
strategy, subsection adjustment capacity strategy and dynamic adjustment capacity strategy,and an optimal capacity 
strategy is provided. By fixing the capacity-demand mismatching loss and changing the capacity adjustment rate, this 
paper also studies the sensitivity of the capacity strategy. The result shows that, firstly, as the capacity adjustment rate 
is less than a certain numerical value, the dynamic adjustment capacity is the optimal choice; secondly, as the 
capacity adjustment rate exceeds a certain numerical value, the optimal one is fixed capacity strategy; finally, as the 
rate falls in some specific area, the optimal one is subsection adjustment capacity strategy. One practical example is 
provided to prove the model’s validity.
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of [name organizer] 
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1. Introduction 
In a highly competitive market environment and with the influence of uncertain factors,the medium-
short-term demand varies frequently.The variation can be divided into three types: trend 
variations,seasonal variations and stochastical variations. The degree of production capacity matching 
with customer demand can affect the cost, efficiency and profit of an enterprise.With the development 
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and change of the demand, configuring the medium-short-term production capacity becomes more and 
more important. In recent years, more attention has been paid to the decision of production capacity. 
Akinc, Umit (2006) etc analyzed the matching between production capacity and demand. They presented 
a Markov model to show the influence of excessive capacity and insufficient capacity 
respectively;Caricato,Pier Paolo (2003) etc established a production capacity decision support 
system(DSS) with the method of fuzzy discrete event simulation(Fuzzy-DEVS) methods and strategy 
analysis tools. In particular, the DSS has been developed to help decision makers take productive capacity 
decisions according to the uncertain characterization of the market evolution.This paper tries to establish 
a short-term production capacity decision model under the seasonal variation demand.The objective 
function is minimizing the mismatching loss between the production capacity and the demand. 
2. Types of production capacity and its characters 
2.1 Long-Term Capacity  
Corresponding to long-term forecast results of the demand, long-term capacity lasts generally more 
than 5 or 10 years. Long-term production capacity mainly concerns about the trend of demand changes, 
which have three possibilities including growth,stability and reduction.Changing the long-term 
production capacity of enterprises is normally achieved by the means of changing the area of 
workshops,equipment and operation modes etc,such as the expansion of factory space，adding additional 
equipment and cooperation partners to expand production capacity. Enterprise’s long-term production 
capacity must deal with large investment in new facilities and equipment,so this decision-making is a 
strategic decision for enterprises. 
2.2 Medium-Term Capacity  
Medium-term capacity means production capacity demand of more than one year but less than five 
years. The medium-term production capacity decision-making should consider not only the trend of 
customer demand changes but also the cyclical fluctuations in demand. The medium-term capacity 
demand is guaranteed through small-scale transformation of the plant, changing in equipment,staff 
recruitment and collaboration relationship adjustment etc.Enterprise Medium-term production capacity 
joints with long-term production capacity and the investment is also large.After production system 
operating for a period of time, some adjustments must be made to realize the match between production 
capacity and demand.The more frequently the production system rebuilds, the better the production 
capacity and market demand matches, yet the transformation of plant and equipment costs are high 
corresponding to the capacity change. On the contrary, the less frequently the production system rebuilds, 
the lower the transformation of plant and equipment costs, yet more losses under production capacity 
excessive or insufficient. Therefore, it is very important for enterprises to rationally determine the times 
and timing of production capacity rebuilding. 
2.3 Short-Term Capacity 
Short-term capacity generally refers to capacity demand within a year, which corresponds to annual 
production planning of enterprises.In view of production capacity, overtime, outsourcing or firing 
temporary worker may be considered for providing extra capacity to realize the matching  between the 
capacity of systems and the demand. In short term, the seasonal and stochastical changes have mainly 
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been concerned and the change trend of demand can be ignored. The investment of short-term production 
capacity is not large compared with that of long and medium-term capacity. 
The cost and profits of production system is different in kinds of production capacity load level.The 
optimal production capacity load level is the capacity exert in normal. Short-term capacity is very 
important because the match between short-term capacity and demand decides the satisfaction rate of the 
enterprise and influences the usage of capacity.The demand fluctuation can be classified into two types: 
seasonal and stochastical, such as the sales change resulting from sales promotion. It is a main task for the 
decision maker to make production capacity and demand match dynamically. 
3. Production capacity strategies under seasonal demand fluctuation 
Under the circumstances of MTO (make-to-order) and seasonal demand fluctuation, there are three 
strategies to make production capacity and demand matching: (1) Fixed capacity strategy.Production 
capacity is always fixed.When production capacity exceeds demand, there is capacity vacancy loss;On the 
contrary, there is opportunity loss. (2) Dynamic adjustment capacity strategy.The decision maker adjusts 
production capacity according to demand level.For example, temporarily adding or reducing workforce 
size,rent facilities and equipment increase and outsourcing.Adjustment of production capacity 
dynamically needs high expense, but it can reduce or avoid capacity vacancy loss and then meet 
customer’s demand. (3) Subsection adjustment capacity strategy. According to the rule of demand 
fluctuation, the enterprise expands the production capacity to a high level in the midseason, and cut the 
production capacity to a low level in the off-season.This strategy is the compromise of the former two 
strategies. Capacity decision model can be used to analyze the three strategies. 
4. Capacity decision model under seasonal demand variation 
Suppose the market of the enterprise changes seasonally, there is midseason and off-season in one year, 
and the enterprise production is MTO. Figure 1 shows the sales data of 12 months. The enterprise can 
choose three strategies including fixed capacity strategy, dynamic adjustment capacity strategy and 
subsection adjustment capacity strategy. The following text sets a model to compare the three strategies 
based on the minimizing capacity-demand mismatch loss objective. Whether enterprise increases or 
decreases its capacity, there is adjustment fee, such as change workforce size, rent facilities and 
equipment temporarily, overtime. The calculation of short-term capacity adjustment rate is based on 
adjustment extent and adjustment times, so the capacity adjustment fee can be calculated by: 
( )M M u LI k M M= −                                                         (1) 
MI ：capacity adjustment fee, uM ：upper bounds of production capacity, LM ： lower bounds of 
production capacity, Mk ：capacity adjustment fee rate (adjustment fee of unit capacity ) 
4.1 Fixed Capacity Strategy 
Under the condition of fixed capacity, the mismatch loss of production capacity and demand include: 
When production capacity exceeds demand, there is capacity vacancy loss; on the contrary, there is 
opportunity loss, order loss and customer loss. Formula (2) gives production capacity decision model in 
which the objective is minimizing the loss of capacity-demand mismatch. 
( ) ( ) ( ){ }
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In this formula, the first item is capacity vacancy loss, the second item is capacity insufficient loss. 
jD : customer demand at market j, 1D : minimum customer demand, ND : maximum customer demand, 
iM : capacity configuration level at plan i, 1k : capacity vacancy loss rate, 2k : capacity insufficient loss 
rate . 
Suppose capacity vacancy loss rate 
1k  is 600 yuan /ton.  month, and the capacity insufficient loss rate 
2k  is 1000 yuan /ton. month. TableⅠ shows the data of iM , jD  and the capacity-demand mismatch loss 
of each capacity level after calculation. 
The result shows that the optimal capacity level is 2500 ton/month and the capacity-demand mismatch 
loss is 4.16 million Yuan accordingly. 
4.2 Subsection Adjustment Capacity Strategy  
Under the condition of subsection adjustment capacity strategy, the enterprise will extend the capacity 
in the midseason and reduce the capacity in the off-season.The capacity configuration loss includes 
capacity adjustment loss and capacity-demand mismatch loss. 
Sales data of the enterprise 
( ) ( ) ( ) ( ){ }
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In (3), the first item is capacity vacancy loss, the second item is capacity insufficient loss and the third 
item is capacity adjustment loss. The calculation of these three items is as follows:  
1) Optimal capacity configuration and capacity-demand mismatch loss in midseason.  After put the 
parameter into (3), the result is shown in Table Ⅱ.It can be easily found that the optimal capacity level is 
2500 ton/month in midseason, and the capacity-demand mismatching loss is 1.28 million accordingly. 
2) Optimal capacity configuration and capacity-demand mismatch loss in off-season.  After put the 
parameter into (3), the result is shown in Table Ⅲ.In off-season, the optimal capacity level is 1600 
ton/month, and the capacity-demand mismatch loss is 1.88 million accordingly. 
3) Capacity adjustment fee.Capacity adjustment occurs when midseason and off-season alternate with 
each other.  In order to adapt the variation of demand, the enterprise adjusts the capacity from a high level 
to a low one or from a low level to a high one. Suppose the capacity adjustment rate Mk  is 1000Yuan/ton, 
and subsection adjustment plan is used one time per year, the loss is as follows: 
( ) 1000 (2500-1600) 0.9( )M M u LI k M M million= ⋅ − = × =
4) the total loss of subsection adjustment capacity strategy 
( ) ( ) ( )1 2 1.28 1.88 0.9 4.06(million)i i i ME M E M E M I= + + = + + =
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4.3 Dynamic Adjustment Capacity Strategy 
Under the condition of dynamic adjustment capacity strategy, the enterprise adjusts production 
capacity dynamically according to the customer demand. After use this strategy, the capacity mismatch 
loss is very low, but capacity adjustment fee is much higher. The capacity adjustment fee is as follows:  
( ) ( ) ( )1 12 2N Ni M i i M i ii iE M k M M k D D− −= == ⋅ − = ⋅ −∑ ∑        (4) 
According to the previous example, the capacity level at the beginning is 2100 ton, and it changes 
seasonally. The minimum capacity level is 1600 ton and the maximum level is 2900 ton. Suppose the 
enterprise adjusts capacity monthly, the total loss calculated by (4) is shown as in Table Ⅳ.
It is obvious that the cost of dynamic adjustment capacity strategy, fixed capacity strategy and 
subsection adjustment capacity strategy is 4.2 million, 4.16 million and 4.06 million respectively. The 
cost of subsection adjustment capacity strategy is the lowest one, so this is the optimal plan.
Table I. Capacity-demand mismatch loss(unit: ten thousand yuan) 
Capacity
Configuration 
Plan iM
demand Total
Capacity
Loss2100  2500  2900  2900  2500  2100  1600  1200  1200  1600  2100  2500  
1200  90  130  170  170  130  90  40  0  0  40  90  130  1080 
1600  50  90  130  130  90  50  0  24  24  0  50  90  728 
2100  0  40  80  80  40  0  30  54  54  30  0  40  448 
2500  24  0  40  40  0  24  54  78  78  54  24  0  416 
2900  48  24  0  0  24  48  78  102  102  78  48  24  576 
Table II. Capacity-demand mis match loss in midseason(unit: ten thousand yuan) 
Capacity configuration plan 
demand capacity-demand 
mismatch loss 2100  2500  2900  2900  2500  2100  
1200  90  130  170  170  130  90  780  
1600  50  90  130  130  90  50  540  
2100  0  40  80  80  40  0  240  
2500  24  0  40  40  0  24  128  
2900  48  24  0  0  24  48  144  
Table III. Capacity-demand mismatch loss in off-season (unit: ten thousand yuan) 
Capacity configuration plan 
demand 
loss expectation1600  1200  1200  1600  2100  2500  
1200  40  0  0  40  90  130  300  
1600  0  24  24  0  50  90  188  
2100  30  54  54  30  0  40  208  
2500  54  78  78  54  24  0  288  
2900  78  102  102  78  48  24  432
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Table IV. Cost of dynamic adjustment capacity (unit：ten thousand yuan) 
month 1 2 3 4 5 6 
Demand 2100 2500 2900 2900 2500 2100 
Capacity adjustment fee 40 40 40 0 40 40 
month 7 8 9 10 11 12 
demand 1600 1200 1200 1600 2100 2500 
Capacity adjustment fee 50 40 0 40 50 40 
Total adjustment fee 420 
5. Sensitivity analysis of three strategies 
The main factors which influence the capacity decision is capacity adjustment rate, capacity vacancy 
loss rate, capacity insufficient loss rate and the ratio of capacity mismatch loss rate and capacity 
adjustment rate. By fixing the production capacity-demand mismatch loss, changing the capacity 
adjustment rate Mk , this paper analyzes the relationship between the capacity adjustment strategy and its 
capacity adjustment fee. 
Fixed capacity strategy: ( ) 4160000=iME
Subsection adjustment capacity strategy:  
( ) )16002500(18800001280000 −⋅++= Mi kME
Dynamic adjustment capacity strategy: ( ) ( )12Ni M i iiE M k D D −== ⋅ −∑
Take Mk  as independent variable, total loss of three strategies is calculated by MATHCAD. Figure 2 
shows the change of the fee in different strategies. 
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Figure 1. The fee in different strategies 
In figure 2, the bias which has lesser slope is the fee of subsection adjustment capacity strategy. The 
bias which has biggish slope is the fee of dynamic adjustment capacity strategy. The horizontal line is the 
fee of fixed capacity strategy. Based on the previous formulas, we can easily find the two points of 
intersection which is 929.4yuan and 1111.0 yuan. When capacity adjustment fee is less than 929.4yuan, 
dynamic adjustment capacity strategy is the best choice; when the capacity adjustment fee is more than 
929.4yuan but less than 1111.0yuan, subsection adjustment capacity strategy is the best choice; when the 
capacity adjustment fee is more than 1111.0 yuan, fixed capacity strategy is the best one. 
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6. Conclusion 
Under the condition of demand fluctuation, enterprises can use different capacity strategies which have 
different capacity mismatch loss and capacity adjustment cost. The decision basically lies on capacity 
adjustment rate and capacity mismatch loss rate. The example used in this paper sets the capacity 
mismatch loss rate and capacity adjustment rate to calculate the cost in three strategies and the conclusion 
is that subsection adjustment capacity strategy is the optimal one. Actually, the conclusion will change 
according to the capacity adjustment rate and capacity mismatch loss rate. At last, the paper supposes 
demand changes seasonally. If demand change has other character, the method can be still used as a good 
reference.  
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